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.2013.06.Abstract Statistical optimization is an effective technique for the investigation of complex pro-
cesses with minimal number of experimental runs. In this study, statistical approach was used to
study the optimization of media components for lipase production from Yarrowia lipolyticaMTCC
35. Mahua cake, glucose, MnCl2 and KH2PO4 were screened to be the most signiﬁcant variables
among the nine medium variables that were tested to determine inﬂuence on lipase production
by Plackett–Burman design. Central Composite Design was used for further optimization of these
screened variables for enhanced lipase production. The determination coefﬁcient (R2) value of 0.922
showed that the regression models adequately explain the data variation and represent the actual
relationships between the variables and response. The optimum values of investigated variables
for the maximum lipase production were 6.0% Mahua cake, 2.0% glucose, 0.2% MnCl2 and
0.2% KH2PO4. The maximum lipase production (9.40 U mL
1) was obtained under optimal
condition.
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0011. Introduction
Lipases are enzymes that catalyze the hydrolysis of triglycerides
to fatty acids and glycerol which have wide uses in modiﬁcation
of fats and oils [8,9,19]. Lipases also catalyze several industrially
signiﬁcant catalytic biotransformation reactions namely esteri-
ﬁcation, transesteriﬁcation, alcoholysis and acidolysis [3,13,18].
Lipases are the choice of biocatalyst as they show unique che-
mo-, regio-, enantioselectives, which enable the production of
novel drugs, agrochemicals and ﬁne products [5,6,7,14,16].cademy of Scientiﬁc Research & Technology.
112 G. Kishan et al.Recently, many microorganisms are known to be good produc-
ers of extracellular lipases [21]. Increased productivity of lipase
during the fermentation process is of great importance since
lower costs of production could promote new industrial appli-
cations. The productivity of lipase is affected by different fac-
tors such as temperature, pH, medium composition and
presence of inducers among others. The traditional one-variable
at a time method is simple, but the interaction effects of vari-
ables are not considered. Also, this method requires more exper-
imental runs to determine the optimum levels, which are
incorrect. These drawbacks of one-variable at a time optimiza-
tion process can be eliminated by optimizing all the affecting
parameters collectively by using response surface methodology
(RSM) [4,11,15,20]. Statistical model is widely used to study an
aggregate effect of several variables and to seek optimum con-
ditions for amultivariable system [10]. The purpose of this study
is to investigate the effect of medium components and their
interaction on lipase production by Yarrowia lipolytica (MTCC
35) using statistical methods.
2. Materials and methods
2.1. Chemicals and micro organism
All the media components were of analytical grade and were
purchased from HiMedia Laboratories Pvt Ltd., Mumbai,
India. The solvents were purchased from Merck Specialties
Pvt Ltd., Mumbai, India. The strain (Y. lipolytica, MTCC
35) was obtained from Microbial Type Culture Collection,
Institute of Microbial Technology, Chandigarh, India.
2.2. Culture maintenance and media
The culture was maintained at deep freeze condition by storing
in media containing glycerol in equal proportions. Slants were
grown at 30 C for 24 h and stored in refrigerator. The cells
were cultivated in the inoculum media consisted of 1% glu-
cose, 0.5% peptone and 0.3% yeast extract and incubated at
30 C for 24 h. The production media used for lipase produc-
tion consisted of following components (per liter) Mahua oil
cake 20 g, ammonium chloride 1 g, glucose 1 g, gelatin 0.5 g,
KH2PO4 0.2 g, MgSO4 0.1 g, NaCl 0.1 g, CaCl2 0.1 g, and
MnCl2 0.1 g and the pH of the medium was adjusted to 7.5.Table 1 Plackett–Burman experimental design for screening of me
Exp. No. Mahua
cake (X1)
NH4Cl
(X2)
Gelatin
(X3)
KH2PO4
(X4)
Glucose
(X5)
1 8 (+1) 0.5(1) 0.6 (+1) 0.1(1) 0.5(1)
2 8 (+1) 1.5 (+1) 0.4(1) 0.3(+1) 0.5(1)
3 4 (1) 1.5 (+1) 0.6 (+1) 0.1(1) 1.5 (+1)
4 8 (+1) 0.5(1) 0.6 (+1) 0.3 (+1) 0.5(1)
5 8 (+1) 1.5 (+1) 0.4(1) 0.3 (+1) 1.5 (+1)
6 8 (+1) 1.5 (+1) 0.6 (+1) 0.1(1) 1.5 (+1)
7 4 (1) 1.5 (+1) 0.6 (+1) 0.3 (+1) 0.5(1)
8 4(1) 0.5(1) 0.6 (+1) 0.3 (+1) 1.5 (+1)
9 4(1) 0.5(1) 0.4(1) 0.3 (+1) 1.5 (+1)
10 8 (+1) 0.5(1) 0.4(1) 0.1(1) 1.5 (+1)
11 4(1) 1.5 (+1) 0.4(1) 0.1(1) 0.5(1)
12 4(1) 0.5(1) 0.4(1) 0.1(1) 0.5(1)2.3. Enzyme assay
Enzyme activity in the supernatant of the culture was deter-
mined using p-nitro phenol palmitate (pNPP) as substrate In
brief, a stock solution (50 mM) of pNPP was prepared in the
ratio of 1:1 of acetonitrile and n-butanol. The reaction mixture
contained 20 lL of pNPP stock solution, 200 lL of cell-free
culture supernatant (crude lipase), and 1.8 mL of Tris–buffer
(0.1 M, pH 8.0).The reaction mixture was incubated at 35 C
for 10 min. The amount of liberated 4-nitrophenol was
recorded at 400 nm. One unit of lipase activity was deﬁned
as micro moles of para nitro phenol released from
pNPP mL1 min1 under standard assay conditions [12].
2.4. Experimental designs
The ﬁrst step in the optimization strategy was to identify
medium components that have a signiﬁcant effect on lipase
production [2]. For screening purpose, various medium
components have been evaluated using Plackett–Burman
(PB) statistical design, which is a two level factorial design
[17]. A set of 12 experiments was constructed using Minitab
14 software for nine medium components namely Mahua cake
(X1), ammonium chloride (X2), gelatin (X3), KH2PO4 (X4), glu-
cose (X5), NaCl (X6), MgSO4 (X7), CaCl2 (X8) and MnCl2 (X9).
Each component was tested at two different concentration lev-
els. The experiments were carried out in 250 mL Erlenmeyer
ﬂasks containing 100 mL of production media kept in the tem-
perature controlled rotary shaker at 120 rpm and 35 C. The
response was measured as lipase activity. The variables with
conﬁdence level greater than 90% were considered to be more
signiﬁcant for lipase production. Pareto chart displays the
magnitude of each factor estimate, and it is convenient way
to view the results of PB design. Subsequently another statisti-
cal approach, Central Composite Design (CCD) was employed
to study the interaction between the four parameters that
proved to be signiﬁcant from PB design [1]. Each parameter
was studied at ﬁve different levels (2, 1, 0, +1, and +2).
The minimum and maximum ranges of parameters were inves-
tigated and the full experimental plan with respect to their val-
ues. A matrix of thirty-one experiments with four factors was
generated using the software package Minitab14. The lipase
activity was taken as the dependent variable or response (Y).dia components for lipase production.
NaCl
(X6)
MgSO4
(X7)
CaCl2
(X8)
MnCl2
(X9)
Lipase activity
(U mL1)
0.05(1) 0.15 (+1) 0.15 (+1) 0.15 (+1) 9.0
0.05(1) 0.05 (1) 0.15(+1) 0.15 (+1) 8.6
0.05(1) 0.05 (1) 0.05(1) 0.15 (+1) 7.0
0.15(+1) 0.05 (1) 0.05(1) 0.05(1) 8.1
0.05 (1) 0.15 (+1) 0.05(1) 0.05(1) 7.1
0.15(+1) 0.05 (1) 0.15 (+1) 0.05(1) 7.0
0.15(+1) 0.15 (+1) 0.05(1) 0.15 (+1) 7.1
0.05 (1) 0.15 (+1) 0.15 (+1) 0.05(1) 5.1
0.15 (+1) 0.05 (1) 0.15 (+1) 0.15 (+1) 5.8
0.15 (+1) 0.15 (+1) 0.05(1) 0.15 (+1) 7.7
0.15 (+1) 0.15 (+1) 0.15 (+1) 0.05(1) 6.9
0.05(1) 0.05 (1) 0.05 (1) 0.05(1) 6.6
Figure 1 Pareto chart representing the order of the signiﬁcant
medium variables on lipase production by Yarrowia lipolytica.
Table 3 Experimental range and levels of the independent
variables used in CCD.
Factor Variables Range of levels
+2 +1 0 1 2
X1 Mahua cake (%, w/v) 14 10 6 2 0
X2 Glucose (%, w/v) 4 3 2 1 0
X3 MnCl2 (%, w/v) 0.4 0.3 0.2 0.1 0
X4 KH2PO4 (%, w/v) 0.4 0.3 0.2 0.1 0
Statistical optimization of critical medium components for lipase production from Yarrowia lipolytica (MTCC 35) 113This resulted in an empirical model (Eq. (1)) that related the
measured response and the independent factors:
Y ¼ b0 þ
Xk
j¼1
bjXj þ
Xk
j¼1
bjjX
2
j þ
XX
bijXiXj ð1Þ
where Y is the response, b0, bj, bjj, bij are regression coefﬁcients
for the intercept, linear, quadratic and interaction effects
respectively and Xi and Xj are coded independent variables.
3. Results and discussion
3.1. Screening of signiﬁcant variables using Plackett–Burman
design
Plackett–Burman experimental design was employed to evalu-
ate factors which signiﬁcantly affect the lipase production by
Y. lipolytica MTCC 35. The Plackett–Burman design for 12
trials with two levels of concentrations for nine different vari-
ables were carried out according to the experimental matrix as
shown in Table 1 and lipase activity was measured as response.
The maximum lipase activity (9.0 U mL1) was observed in
trial number 1, while the minimum lipase activity (5.1 U mL1)
was observed in trial number 8. Main effects of the examined
variables on lipase production were calculated and presented
graphically in Pareto chart (Fig. 1). Signiﬁcance of each vari-
able was determined using Student’s t-test. The components
were screened at the conﬁdence level of 90% on the basis of
their effects. Table 2 represents the result of Plackett–BurmanTable 2 Statistical analysis of Plackett–Burman design results on li
Variable Main eﬀect Coeﬃcien
Constant 7.166
Mahua cake (%, w/v) 1.500 0.750
Ammonium chloride (%, w/v) 0.233 0.116
Gelatin (%, w/v) 0.100 0.050
KH2PO4 (%, w/v) 0.400 0.200
Glucose (%, w/v) 1.100 0.550
NaCl (%, w/v) 0.133 0.066
MgSO4 (%, w/v) 0.033 0.016
CaCl2 (%,w/v) 0.200 0.100
MnCl2 (%, w/v) 0.733 0.366trials with respect to t-value, p-value and conﬁdence level of
each component. Out of nine variables studied, the lipase pro-
duction was highly inﬂuenced by an increase in the concentra-
tion of Mahua cake. The positive effect of glucose and MnCl2
was very similar. Based on the results from PB design, further
optimization study was carried out by CCD.
3.2. Optimization of media components using central composite
design
Central composite design was mainly employed to estimate the
optimum level of each variable along with their interactions on
lipase activity. Based on the results of Plackett–Burman de-
sign, Mahua cake (X1), glucose (X2), MnCl2 (X3) and KH2PO4
(X4) were selected and experimental range is shown in Table 3.
Central composite design matrix with observed and predicted
results is given in Table 4. The experimental results were ﬁtted
with a second-order polynomial equation. The values of
regression coefﬁcients (in coded units) were calculated and
the ﬁtted equations for predicting enzyme activity are as
follows:
Lipase activityðU mL1Þ ¼ 9:113þ 0:908 X10:280 X2
 0:106 X3 þ 0:167 X4
 1:601 X21  0:789 X22
 0:426 X23  0:514 X24
þ 0:034 X1X2 þ 0:302 X1X3
 0:422 X1X4  0:382 X2X3
 0:466 X2X4 þ 0:074 X3X4: ð2Þ
The signiﬁcance of each coefﬁcient was determined by stu-
dent’s ‘t’ test and ‘p’ values, which are listed in Table 5. The
larger the magnitude of ‘t’ value and the smaller the ‘p’ value,pase production.
ts t-Value p-Value Conﬁdence level %
61.74 0.000 100
6.46 0.023 97.7
1.01 0.421 57.9
0.43 0.709 29.1
1.72 0.227 77.3
4.74 0.042 95.8
0.57 0.624 37.6
0.14 0.899 10.1
0.86 0.480 52.0
3.16 0.087 91.3
Table 4 CCD matrix of independent variables used in RSM with corresponding experimental and predicted values of lipase activity.
Std order X1 X2 X3 X4 Lipase activity (U mL
1)
Experimental Predicted
1 1 1 1 1 3.00 4.32
2 þ1 1 1 1 6.43 5.86
3 1 þ1 1 1 5.45 5.89
4 þ1 þ1 1 1 8.45 8.13
5 1 1 þ1 1 3.12 3.50
6 þ1 1 þ1 1 6.45 5.81
7 1 þ1 þ1 1 3.54 4.61
8 þ1 þ1 þ1 1 7.25 7.62
9 1 1 1 þ1 5.65 6.11
10 þ1 1 1 þ1 6.24 6.03
11 1 þ1 1 þ1 5.89 5.38
12 þ1 þ1 1 þ1 6.55 6.00
13 1 1 þ1 þ1 4.98 6.16
14 þ1 1 þ1 þ1 7.45 6.84
15 1 þ1 þ1 þ1 3.56 4.96
16 þ1 þ1 þ1 þ1 6.56 6.35
17 2 0 0 0 2.55 0.65
18 þ2 0 0 0 3.35 3.57
19 0 2 0 0 5.50 6.32
20 0 þ2 0 0 6.90 7.40
21 0 0 2 0 7.10 7.54
22 0 0 þ2 0 8.20 7.08
23 0 0 0 2 7.10 6.85
24 0 0 0 þ2 7.50 7.37
25 0 0 0 0 9.20 9.11
26 0 0 0 0 9.10 9.11
27 0 0 0 0 9.50 9.11
28 0 0 0 0 8.99 9.11
29 0 0 0 0 8.50 9.11
30 0 0 0 0 9.40 9.11
31 0 0 0 0 9.10 9.11
Table 5 Estimated regression coefﬁcients , t and p values for
the variables used in the RSM experiment.
Term Coeﬃcients t-Value p-Value
X1 0.907 5.580 0.000
X2 0.280 1.723 0.104
X3 0.106 0.653 0.523
X4 0.166 1.022 0.322
X1X1 1.601 10.743 0.000
X2X2 0.788 5.293 0.000
X3X3 0.426 2.861 0.011
X4X4 0.513 3.448 0.003
X1X2 0.034 0.172 0.865
X1X3 0.301 1.515 0.149
X1X4 0.421 2.117 0.050
X2X3 0.381 1.916 0.073
X2X4 0.465 2.337 0.033
X3X4 0.074 0.373 0.714
114 G. Kishan et al.the more signiﬁcant is the corresponding coefﬁcient. Model
coefﬁcients were estimated by multiple linear regression and
the p-value was used for checking the signiﬁcance of each of
the coefﬁcients. In the present work, individual effect of X1,
square effects of X1, X2, X3, X4 and interaction effect of
X2X4 were found signiﬁcant for lipase production (Table 5).
The statistical signiﬁcance of the model was also determinedby the F-test for the analysis of variance (ANOVA), and the
residuals analysis was performed to validate the model at
90% conﬁdence level. ANOVA results showed that the model
was signiﬁcant with coefﬁcient of determination (R2) of 0.922.
The closer the R2 value is to 1.00, the stronger the model is and
the better it predicts the response. ANOVA statistics given in
Table 6 indicate that the linear and square terms in the second
order polynomial Model (Eq. (2)) were highly signiﬁcant
(p< 0.005), and adequate to represent the relationship be-
tween lipase activity and Mahua cake, glucose, MnCl2 and
KH2PO4. The optimum concentrations of the four factors of
interaction for maximum lipase activity (9.40 U mL1) were
obtained with 6.0% Mahua cake, 2.0% glucose, 0.2% MnCl2
and 0.2% KH2PO4.
Response surface plots as function of two factors at a time,
maintaining all other factors at a constant level, more helpful
in understanding both the main and interaction effects of these
factors. Fig. 2 shows the response surface plot effects of MnCl2
and KH2PO4 concentration, while other two variables are kept
constant at zero level. It was observed that the lipase activity
was high at middle level of both MnCl2 and KH2PO4. But li-
pase activity was decreased at the higher level of KH2PO4,
and less at the low and high level of manganese chloride. Fig
3 shows the response surface plot effects of MnCl2 and glucose
concentration and from the ﬁgure, activity increases at the
middle level of glucose and low level of MnCl2. Decrease in
Table 6 Analysis of variance of second order Polynomial model for effect of variable on lipase production.
Factors Degrees of freedom Sum of squares Mean square F-Value p-Value
Regression 14 120.448 8.6034 13.54 <0.001
Linear 4 22.605 5.6512 8.89 <0.001
Square 4 87.628 21.9069 34.48 <0.001
Interaction 6 10.215 1.7025 2.68 0.054
Residual Error 16 10.167 0.6354
Lack-of-ﬁt 10 9.536 0.9536 9.07 0.007
Pure error 6 0.631 0.1052
Total 30 130.615
Figure 2 Three dimensional response surface plot showing the
interaction effect of MnCl2 and KH2PO4 on lipase activity.
Figure 3 Three dimensional response surface plot showing the
interaction effect of glucose and MnCl2 on lipase activity.
Figure 5 Three dimensional response surface plot showing the
interaction effect of mahua cake and KH2PO4 on lipase activity.
Figure 6 Three dimensional response surface plot showing the
interaction effect of mahua cake and MnCl2 on lipase activity.
Statistical optimization of critical medium components for lipase production from Yarrowia lipolytica (MTCC 35) 115the lipase activity was observed at low, high level of glucose
and also at high level of MnCl2. Fig. 4 shows the effect of glu-
cose and KH2PO4 concentration, while two other variables
were kept ﬁxed at zero levels. It was observed from the ﬁgureFigure 4 Three dimensional response surface plot showing the
interaction effect of glucose and KH2PO4 on lipase activity.that activity increases at the middle level of glucose and
KH2PO4 and the lipase activity was seem to be decreased at
lower and higher level of glucose. Fig. 5 shows the response
surface plot effects of Mahua cake and KH2PO4 on lipaseFigure 7 Three dimensional response surface plot showing the
interaction effect of mahua cake and glucose on lipase activity.
116 G. Kishan et al.activity, while two other variables are kept ﬁxed at zero levels.
The increase in lipase activity was found at middle level of
both Mahua cake and KH2PO4 and the decrease in lipase
activity was observed in lower and higher level of Mahua cake.
Fig. 6 shows the effect of Mahua cake and MnCl2 on lipase
activity and maximum lipase activity was found in the middle
levels of Mahua cake and MnCl2. Fig 7 shows the combined
effect of Mahua cake and glucose concentration and increase
in the lipase activity was found at the middle levels of both
Mahua cake and glucose.
4. Conclusion
The use of statistical models to optimize medium components
has increased in present bioprocess industry, due to its easy
applicability and reliability. The present work, PB design
was used to identify the effect of media components and their
interaction on lipase production by Y. lipolytica. It is evident
that various process parameters like Mahua cake, glucose,
MnCl2 and KH2PO4 are the most signiﬁcant factors inﬂuenc-
ing lipase production. From further optimization studies,
using CCD the optimized values of the variables for lipase pro-
duction were as follows: 6.0% Mahua cake, 2.0% glucose,
0.2% MnCl2 and 0.2% KH2PO4. Using the optimized condi-
tions, the experimentally obtained lipase activity reaches
9.40 U mL1.Acknowledgement
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